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2009 COMMISSION REGULATION2 352/2009/EC[11]

CSM  

1.  

2.  

                                         
1 DIRECTIVE

288 http://www.lisbon-treaty.org/wcm/  

2 REGULATION

288 http://www.lisbon-treaty.org/wcm/  
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3. 

 

4. 

 

5.  
 

2.14[12]  

 
[12]  

2.14 402/2013  

2013 COMMISSION IMPLEMENTING 

REGULATION 402/2013/EU[14] COMMISSION REGULATION 

352/2009/EC [12 14]  

1. 
 

2.  

(1) ISO/IEC 17020  
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(2) National Accreditation Body

Recognition Body Accreditation

Recognition  

(3) Accreditation Recognition

 

(4) 

402/2013/EU 2  

3.  

(1)  

(2)  

(3)  

(4) 402/2013/EU

 

(5)  
 

2015 COMMISSION IMPLEMENTING REGULATION 

402/2013/EU COMMISSION IMPLEMENTING REGULATION 

1136/2015/EU CSM

 

2.3.1.4  

Transport for NSW TfNSW

AEO Authorised Engineering Organisation

AEO  

1.  

2.  

3.  

4.  
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Asset Standards 

Authority ASA AEO

Competency Management of Engineering 

Resources

AEO ASA AEO

AEO ASA

AEO

2.15  

 

  
Asset Standards Authority http://www.asa.transport.nsw.gov.au/ 

2.15 AEO  

 

AEO  

1.  

2.  

3.  

4.  

5.  

6.  

7.  
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8.  

9.  
 

AEO Configuration 

Management Committee CMC

AEO

CMC

ISA ASA AEO [25]

AEO AEO Principle AEO

AEO ISA 2.16  

 
[26]  

2.16 AEO ISA  

ASA ISA  

1.  

(1) 

ISA  
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(2) Institute 

of Engineering and Technology, IET

ISA  

(3) ISA

 

2.  

(1) ISA Subject Matter 

Experts ISA

 

(2) ISA

ISA  

(3) ISA ISA

 

(4) ISA

ISA  

3.  

(1) ISA

 

(2) ISA

 

(3) ISA

[26]  

� Immediately Prior to Preliminary Design  
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� Immediately Prior to Critical Design  

� Immediately Prior to Fabrication/ Manufacture  

� Immediately Prior to Inspection and Test  

� at the Finalisation of Commissioning  

(4) ISA

 

4.  

(1) ISA ISA

AEO

 

(2) ISA

 

(3) ISA

 

(4) ISA ISA

 

(5) ISA

 

(6) ISA ISA

ISA

 

5.  

(1) ISA ISA

 

(2) ISA ISA
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(3) ISA

 

(4) ISA  

(5) ISA

ALARP  

(6) ISA

 

(7) ISA

AEO  

2.3.1.5  
[40]

2010 2866

ATP ATO

-

 

[30]

 

(1)  
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(2)  

� 
 

� 5

 

� 

 

� 

 

� 

 

� 

 

�  

(3)  

�  

�   

�  

�  

�  

�  

�  

�  

� 

 

� 
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�  

�  

�  

(4)  

� 

 

� 

 

(5)  

� 

 

� 

 

� 

 

� 
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� 

 

(6)  

�  

�  

� 

 

� 

 

� 

 

� 

 

� 

 

� 

 

� 
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� 
 

2.3.1.6  

 

1. [40] 

Korea High Speed Rail Construction Authority, KHRC 1993

-

Alstom Consortium

 

2006 9

ISA 2012

Technical Specification for 

Interoperability, TSI

2014 3

Type
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RAMS  

2. [40] 

Land Transport 

Authority LTA 2000

Project Safety Review PSR PSR

LTA Systems 

Assurance Department

EN50126 Safety Case

LTA Safety Department

PSR PSR 

Committee PSR

Technical 

Working Group  

Concept Design Handover

Operation

LTA

…

 

3. [40] 

Enterprise Safety 
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Committee Project Safety Committee

System Safety Committee Hazard 

Controller ISA

ISA  

(1) ISA

 

(2) ISA

 

(3) 

 

(4) 

 

2.3.1.7  

 

1. IV&V

ISA  

2. IV&V

IV&V

IV&V  

3. IV&V

Independent Review  of V&V V&V
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V&V

 

4. 

 

2.3.2  
IEC 61508 EN 50126 EN 50128 EN 50129

IV&V V&V  

2.3.2.1 IEC 61508[16] 
IEC61508 Standard for Functional Safety of Electrical / Electronic / 

Programmable Electronic Safety-Related Systems

/ /

 

IEC61508

Likelihood Consequence

4  

1.  

2.  

3.  

4. 
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2.17  

 
[33] 

2.17  

2.3.2.2 EN 50126[7] 
EN50126 Railway Applications - The Specification and 

Demonstration of Reliability, Availability, Maintainability, and Safety, 
RAMS EN50126 Part1

RAMS

EN50126 Part2 EN50126 Part3

RAMS  

Fail-Safe

RAMS

2.18 V

Top-Down

Bottom-Up
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[7] 

2.18 EN50126 V  

EN50126

 

EN50126 6

4

EN50126  

2.3.2.3 EN 50128[8] 
EN50128 Railway Applications-Software for Railway Control and 

Protection Systems

EN 50128

V 2.19  
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[8]  

2.19 V  

2.3.2.4 EN 50129[9] 
EN50129 Railway Applications-Safety Related Electronic Systems 

for Signaling

Automatic Train Protection, ATP
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2.3.2.5 ISO/IEC 17020[19] 
ISO/IEC 170202

2-10  

1. A

 

2. B

 

3. C

Type C Type C

 

2.3.2.6 IEEE 1012[17] 
IEEE 1012

2012

EN50128

EN 50128

 

                                         
Inspection  



 
 2-

10
 

IS
O

/IE
C

 1
70

20
 

[1
9]

 

A
 

B
 

C
 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

 

�
 

C
 

/
/

/
/

/

C /

/
/

/
/
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2.3.2.7 AS/NZS 15288[1] 
AS/NZS 15288

Verification  

1. Verification  

2. Verification

 

3. Verification  

(1) Verify  

(2) Verification  

(3)  

(4) Verification

Verification  

(5) Verification  

(6) 

Verification  

(7) Verification  
 

Validation  

1. Validation

 

2. Validation  

(1) Validation  

(2)  
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(3) Validation  

(4)  

3. Validation  

(1) validate

 

(2) Validation  

(3) Validation  

(4) Validation  

(5) Validation

 

(6) Validation

 

(7) Verification  

2.3.2.8 IEEE 1483[18] 
IEEE 1483 Verification

Verification Validation 2.20  

 
[18] 

2.20 Verification Validation  
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IEEE 1483  
1. Safety Verification

Vital Function

Verification Did we build the 

system right?  

2. Safety Validation

Validation

Did we build the right system?  
 

IEEE 1483 Verification 3

Concept-level Function-level Implementation-level

Verification  

1. Verification 

(1) 

 

(2) 

Dependent Factor  

(3) 

 

(4) Verification

Verification
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2. Verification 

(1) 
 

(2)  

(3)  

3. Verification 

(1) 
 

(2) Verification  

(3)  
 

IEEE 1483  

1. Verification  

2.  

3. Dependent Factors  

4.  

5. Verification  

6.  

7.  

8. Verification  

9. Verification  
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2.3.2.9 MIL-STD-3022 
V&V Accreditation

V&V  

1. V&V  

(1) V&V  

(2) Modeling and 

Simulation M&S M&S Accreditation

V&V  

(3) M&S  

(4) M&S  

(5) V&V  

� V&V  

� Validation  

� Verification  

� Verification  

� Validation  

� V&V  

(6) V&V  

(7) Accreditation V&V

 

2. V&V  

(1) V&V  

                                         
Accreditation

Certification Accreditation
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(2) M&S M&S

Accreditation V&V  

(3) M&S  

(4) M&S  

(5) V&V  

� V&V  

� Validation  

� Verification  

� Verification  

� Validation  

� V&V  

(6) V&V  

(7) Accreditation V&V

 

(8) V&V  

(9) V&V  

2.3.2.10  

 

1. EN 50126 EN 50128 EN 50129 RAMS

SIL

 

                                         
Accreditation

Certification Accreditation
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2. IV&V

ISO/IEC 17020

IV&V  

3. EN 50126 EN 50128 EN 50129 V

IEEE

 

4. ISO/IEC 17020 ISO/IEC 17000

 

5. IV&V  

2.3.3  

IV&V

 

1.  

(1) 
 

(2) 

 

(3)  

2.  RAM  

(1)  

(2)  

(3)  

3.  

(1)  

(2)  
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V&V

IV&V ISA V&V

 

2.4  

 

2.4.1 SSC  
Federal Transit Administration FTA

2002  

Handbook for Transit Safety 

and Security Certification Safety and 

Security Certification SSC

Hazard Vulnerability

 

1. Certificates of Compliance COC

 

2. Project Safety and Security Certificate

 
 

 

1. Safety and Security Review Committee SRC
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2. Fire-Life Safety Committee FLSC

 

3. System Change and Operations Review Committee SCORC

 

2-11 FTA  

 

 

 

 

  

 

 
 

 

 V >> >> >> >> >> >> 

SSC  V >> >> >> >> >> >> 

 V >> >> >> >> >> >> 

 V >> >> >> >> >> >> 

SSC   V >> >> >> >> >> 

  V >> >> >> >> >> 

  V >> >> >> >> >> 

  V >> >> >> >> >> 

  V >> >> >> >> >> 

  V >> >> >> >> >> 

  V >> >> >> >> >> 

   V >> >> >> >> 

   V >> >> >> >> 

   V >> >> >> >> 
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   V >> >> >> >> 

   V >> >> >> >> 

   V >> >> >> >> 

    V >> >> >> 

    V >> >> >> 

     V >> >> 

      V >> 

      V >> 

      V >> 

      V >> 

      V >> 
V   >>  

[15] 
 

FTA SSC

 

1.  

2.  

3.  

4.  

5. SSC  

6.  
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SSC  

1. 

CCTV  

 

2. Shelter Stops

Heating, Ventilation and Air conditioning , HVAC

 

3. 

 
 

FTA SSC  

1. SSC  

2.  

3.  

4. 

 

5.  

6.  

7.  

8.  

9. 

 

10.  

11.  

12. Certification of Safety 

and Security  
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13. Safety Certification Verification Report

 

14.  
 

 

1. Certifiable  

Breakdown

2-12

 

2-12  

 

 

�  

�  

�  

�  

�  

�  

�  

�  

�  

�  

�  

�  

 

�  

�  

�  

�  

�  

�  

�  
�  
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�  

�  

�  

�  

�  

�  

�  

�  

 

� enclosures  

�  

�  

�  

�  

�  
�  

 

 

�  

�  

�  

�  

�  

�  

 

�  

�  

�  

�  

�  

�  

 

 

�  

�  

�  

�  

�  

 

- 
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�  

�  

�  

 

�  

�  

�  

�  

� Local Responder Training  

�  
[15] 

 

2.  

2.21

 

(1)  

(2)  

(3)  

(4)  

(5)  

(6) 
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[15] 

2.21  

3.  

 

(1) 

 

(2) SSC

 

(3)  

(4)  

(5)  

(6)  

4.  

FTA

2-13  
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2-13  

 # C-60  

 /  

No.  /  : /

 

Y N N/A /

 

NFPA = National Fire Protection Association UFC = Uniform Fire Code 

1 

Type I 

II  

NFPA 130/2-2, 

UFC-Chap. 6, 

8  

03462, 05130, 

05300, 07410 

X    

2 

 

NFPA 70, 

NFPA 

130/2-4.1,  

28  

 16001, 16030, 

16111, 16120 

EC1-0003-0005, 

 659-661  

X    

… … … …     
[15] 

5.  

 

6. Validation SSC  

Design 

Qualification Tests Production Verification Tests

Construction Inspection Tests

Installation Verification Tests
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[15] 

2.22  

7. SSC  

 

(1)   

(2)  

(3)  

(4)  

(5)  

(6)  

(7)  

8. SSC Open Items  
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(1)  

(2)  

(3)  

(4)  

(5)  

(6)  

(7)  

(8)  

(9)  

(10)  
 

Safety Critical Item List SCIL

SCIL

SCIL  

9. Verify  

 

(1) 

 

(2) 

 

(3) 

 

(4) 

 

(5)  

�  
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�  

�  

�  
 

 

10. Certification  

 

(1)  

(2)  
 

 

(1) SSC  

(2) SSC  

�  

�  

�  

�  

�  

�  

(3)  

�  

�  

(4)  
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(5)  

2.4.2 IV&V  
IV&V

IV&V

IV&V

IV&V  

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8. 

 

9. 
 

10.  

11.  

12.  

13.  
 

IV&V 5~15% IV&V

 

1.  
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2. IV&V

 

3.  

4.  

5. IV&V  

6.  

7.  

8. IV&V  
 

2-14 IV&V

IV&V

IV&V

IV&V

 

2-14 IV&V  

  IV&V  

  ○ 

Verification  

  

Validation  

  ○ 

 ○ 

 ○ 

 ○ 

 ○ 

 ○ 

 ○ 
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  IV&V  

 ○ 

 ○ 

 ○ 

 ○ 

  

  

  ○ 

 ○ 

 ○ 

   

  

 
Business Process Reengineering  

 

 ○ 

  ○ 

 ○ 

 ○ 

 ○ 

 ○ 

 ○ 

  ○ 

 ○ 

 ○ 

  

 ○ 



 2 - 81

  IV&V  

  ○ 

 ○ 

 ○ 

 ○ 

   

  

  

  

 High-Level  ○ 

 ○ 

Job Control   

 ○ 

 
Accessibility/Usability  

○ 

  ○ 

 ○ 

  ○ 

  ○ 

 ○ 

Segregation of Duties  ○ 

  ○ 

 ○ 

 ○ 

 ○ 

 ○ 
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  IV&V  

 ○ 

Entrance 
Criteria for Live Operation  ○ 

 Rollout
 ○ 

 ○ 

 
Operational Support Cost Model  

○ 

 ○ 

  ○ 

  

  

  

  

 ○ 

○ IV&V  
[5] 

2.4.3 ROGS  
DIRECTIVE 49/2004/EC 2006

Railways and Other Guided Transport Systems Safety  Regulations 

2006 ROGS REGULATION 402/2013/EC
[23]

 

ROGS

40
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Certificate

Authorization

2.23 4

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  
 

 
[23] 

2.23  
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2.4.4  
IV&V

 

1. 

SSC IV&V

 

2. 

IV&V

 

3. 

 

2.5  

2-15 IV&V 8

 

2-15 IV&V  

     
 

 
SSC  ISA  AEO  IV&V  

 
 

 
  

RAM 

  

ISO/IEC 
17020

 
AEO

  

IV&V
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2.5.1  

1.  

Verification

Validation CNS

Verification Validation Certification

Accreditation

CNS 12680 Taiwan 

Accreditation Foundation TAF   

(1) Verification  

(2) Validation  

(3) Certification 1  

(4) Accreditation 2  

2. Certification

 

SSC Independent Certifier

IV&V

 

3. IV&V  

IV&V

Verification Validation EN 50126/8/9

SIL

EN 50126/8/9 V&V

                                         
1  

2  
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EN 50126/8/9

Verification Validation 2.4 ISA

 

4. IV&V V&V  

AS/NZS 15288 IEEE 1483 Verification

Validation V&V Demonstrate

IV&V

V&V IV&V

Review Independent Review  of V&V

IV&V 1~2% IV&V

5~15%  

5. IV&V  

V&V

SSC

AEO ISA

 

6.  

SSC ISA

 

                                         

4.1  
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7. Certification

 

ISA ISO/IEC 

17020 SSC

 

8. Certification

 

IV&V

SSC

IV&V  

9. IV&V  

BOT

IV&V IV&V

IV&V  

2.5.2  
2.5.1

2.24  
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2.24  

1.  

15 2

4

 

2.  

  

  

[54]  
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3.  

ICE

ISE

 

4.  

V&V  

5. IV&V  

SIL

ISA

IV&V

 

6.  

TAF

DAkkS UKAS

TAF
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2.24 IV&V

 

1. IV&V   

ISA

IV&V

V&V  

2.  

(1) V&V ISA IV&V  

IV&V V&V

ISA

V&V

IV&V

IV&V

IV&V  

(2)  

EN 50126/8/9 SSC

AEO

IV&V
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3.  

IV&V Verification

Validation Demonstration

Checking Assessment Review

Demonstration

IV&V IV&V 5~15%

IV&V 1~2%

IV&V V&V

V&V

 

4.    

2.24 IV&V

ISO/IEC 17020

SSC

AEO

AEO ISA

IV&V  

(1) 10 IV&V ISA V&V

 

(2) 
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(3) Accreditation

IV&V

 
 

 

(1)  

IV&V

IV&V

 

(2)  

IV&V

TAF

ISO/IEC 17020

AEO 3

IV&V  

5.  

V&V

IV&V

IV&V
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3 - 1 

3.  IV&V  
2.5.2

 

3.1 IV&V  

1.  

3.1

1 Design 

Checking Siting Engineer  

 
 

3.1  

                                         
1 13

 



 3 - 2 

2. Certification Evidence  

3.2 3.1 IV&V

 

 
 

3.2 IV&V  

1. IV&V Check

Witness Objective Evidence

Review Siting IV&V

 

2. IV&V

 

3. EN 50126/8/9 ISA

IV&V

 



 3 - 3 

4. 

IV&V

 

3.2  

Assessment Certificate

IV&V

3.3 IV&V

 

 

 

3.3 IV&V  

1. IV&V Review

Verification Validation Assessment

RAM



 3 - 4 

 

2. Assessment EN 50126/8/9

3.4  

3. Review

Verification Validation Assessment

Test

IV&V

Traceability

IV&V

3.5  

4. IV&V 2

 

                                         
4.1

 

2 System Assurance

Safety Security Reliability Availibility

Maintenability Standards Procedure Regulation

 



 3 - 5 

 
 

3.4  



 

 
 

 

3.
5 

3 - 6 



3 - 7 

3.3  

3.3.1  
SSC IV&V

IV&V

IV&V 3.3

3.6  

 

 

3.6 IV&V  

1. [2] suitability
adequacy effectiveness  

2. [2]  



 3 - 8 

(1) 1 3

 

3. [2]

 

(1) 1: 

 

4. [2]

 

(1) 1

 

(2) 2

documentation  

(3) 3

 

5.  

(1) [2]  

� 1  

(2) 
[4]  

(3) 
[19]  

6.  

(1) [2]   

                                         
3 Inspection Testing Certification

Testing

http://www.ca.org.tw/about_element.asp  



 3 - 9 

� 1

 

(2) 

Test

Testing [4]  

7. [7]  

8. [2]  

(1) 1  

(2) 2

 

9. [2]

 

(1) 1

 

(2) 2

 

(3) 3

 

(4) 4
4

/  

                                         
4 Customer
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3.3.2  

 

1.  

IV&V

V&V

3.5

 

2.  

EN 50126

Hazard Log

3.4 3.7

1 IV&V

 

 
 

3.7  
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3.  

Railway 

Safety Principles and Guidance 33 3.8

8 3.9 IEC 

62290 IV&V

 

 
[21] 

3.8 Railway Safety Principles and Guidance-  

 

 
[21] 

3.9 Railway Safety Principles and Guidance-  
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3.4   

 

1.  

IV&V

ISO/PAS 17001

IEEE 1012 IV&V

IV&V ISA

ISO/IEC 17020 ISO/IEC 17020

A B C

 

Taiwan Accreditation 

Foundation TAF ISO/IEC 17020

ISA IV&V

IV&V

AEO

ISO/PAS 17001

3  

(1) TAF ISO/IEC 17020

ISA

ISA ISO/IEC 17020

 

(2) SSC

IV&V

IV&V



 3 - 13

 

(3) AEO

 
 

3-1 IV&V  

 
 

TAF
ISO17020  

SSC 
 

AEO
 

 

� TAF

 
� 

TAF

 
� TAF IV&V

 

� 

 
� 

IV&V

 
� 

IV&V
 

� 

 
� TAF

 



 3 - 14

 
 

TAF
ISO17020  

SSC 
 

AEO
 

 

� 

 
� ISO/IEC 17020

 

� 
 

� 

 

� 

 
� 

 

 

2.  

Regulation 402/2013/EC

ISO/IEC 17020

ISO/IEC 17020

AEO

AEO

 

IV&V

4.1

TAF ISO/IEC 17020

SSC

IV&V

IV&V  
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3.5  

3.2 IV&V

EN 50126/8/9

Cross-Acceptance 3.10

 

1.  

2. 

 

3.  

 

 
[9]  

3.10 Cross-Acceptance  
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3.10 EN 

50126/8/9 ISA

Safety Integrity Level

SIL SIL

IV&V

3.11 IV&V

 

 
[22]  

3.11 IV&V   



 4 - 1 

4.   
4.1

4.2 IV&V 3

4.3

 

4.1  

2.1.6

 

1. Accreditation  

2.  
 

2-1 CNS 17000 IV&V

Review

Verification Validation Assessment

IV&V

 

1.  

2. 3  
 

2  

4.1.1  



 4 - 2 

 

 

-

 

 

4.1.2  
 4-1  

 4-1  

   

 
 

 
 

 
1.

 
 

 
 

 
1.

 

 



 4 - 3 

   

90
 

2.

 

 

 

 
 

 
-

 

90
 

2.

 

 

 

 
 

 

 

 

 

 

 



 4 - 4 

   

 

 

 

3 12

IV&V

4.1  

 
 

4.1  

4.2  

4.2.1 3

4.2.2  



 4 - 5 

4.2.1  

 

 

:  

( )  

( )  

( )  

( )  

( )  

( )  

 

4.2.2  
4-2 4-5 4.2.1  

4-2 1  

  

 
� 3

 
 

 

4-3 2  

  



 4 - 6 

 
3

3 7
 

 
 

4-4 3  

 

:  

( )  

( )  

( )  

( )  

( )  

( )  

  
 

 

4-5 4  

  

  
 

4.3  

IV&V 4.2

 



 4 - 7 

4.3.1  

 

4.3.2  
4-6  

4-6 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 4 - 8 

   

1 1,000
 

 

 

 

 

 
1.

 
2.  
3.

1 1,000
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